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Abstract
Background: The UK government recommends that children engage in moderate-to-vigorous physical activity for at least 60
min every day. Despite associated physiological and psychosocial benefits of physical activity, many youth fail to meet these
guidelines partly due to sedentary screen-based pursuits displacing active behaviors. However, technological advances such as
3D printing have enabled innovative methods of visualizing and conceptualizing physical activity as a tangible output.
Objective: The aim of this study was to elicit children’s, adolescents’, parents’, and teachers’ perceptions and understanding
of 3D physical activity objects to inform the design of future 3D models of physical activity.
Methods: A total of 28 primary school children (aged 8.4 [SD 0.3] years; 15 boys) and 42 secondary school adolescents (aged
14.4 [SD 0.3] years; 22 boys) participated in semistructured focus groups, with individual interviews conducted with 8 teachers
(2 male) and 7 parents (2 male). Questions addressed understanding of the physical activity guidelines, 3D model design, and
both motivation for and potential engagement with a 3D physical activity model intervention. Pupils were asked to use Play-Doh
to create and describe a model that could represent their physical activity levels (PAL). Data were transcribed verbatim and
thematically analyzed, and key emergent themes were represented using pen profiles.
Results: Pupils understood the concept of visualizing physical activity as a 3D object, although adolescents were able to better
analyze and critique differences between low and high PAL. Both youths and adults preferred a 3D model representing a week
of physical activity data when compared with other temporal representations. Furthermore, all participants highlighted that 3D
models could act as a motivational tool to enhance youths’ physical activity. From the Play-Doh designs, 2 key themes were
identified by pupils, with preferences indicated for models of abstract representations of physical activity or bar charts depicting
physical activity, respectively.
Conclusions: These novel findings highlight the potential utility of 3D objects of physical activity as a mechanism to enhance
children’s and adolescents’ understanding of, and motivation to increase, their PAL. This study suggests that 3D printing may
offer a unique strategy for promoting physical activity in these groups.
(J Med Internet Res 2019;21(1):e12064)   doi:10.2196/12064
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Introduction
Background
The UK government recommends that children aged 5 to 18
years engage in at least 60 min of moderate-to-vigorous physical
activity (MVPA) every day [1]. Despite the well-established
physiological and psychosocial health benefits of regular
physical activity for youths [2-5], many fail to meet these
recommended guidelines [6]. More specifically, for these
populations, sedentary screen-based pursuits are thought to have
displaced active behaviors and have been independently
associated with adverse health outcomes such as obesity [7] and
hypertension [8]. According to Noonan et al [9], there is a lack
of understanding within youths on the various forms of physical
activity, including those of active travel and unstructured play,
with a need to educate how these types of activities contribute
to achieving the physical activity recommendations. Conversely,
Kremers et al [10] argue that a lack of awareness of physical
activity among youths is likely to make them less susceptible
to educational programs that are aimed to influence attitudes,
norms, self-efficacy, or other cognitive means, as they will not
perceive the need to change. Indeed, research supports this
notion, demonstrating that youths who are aware of their
physical activity levels (PAL) and the recommended guideline
are, on average, 20 min more active than their unaware
counterparts [10], and as a result, they are more likely to achieve
the daily 60 min of MVPA [11,12]. Therefore, developing
youths’ understanding and awareness of their physical activity
behaviors is crucial for implementing a successful health
program designed to increase PAL [10].
Schools have been identified as ideal settings to integrate
health-promoting interventions because of their established
infrastructure and role in health education [13]. Subsequently,
researchers have developed numerous school-based interventions
that seek to utilize technology as part of the solution, rather than
part of the problem [14-18]. Although technology-based
interventions have shown promise in improving psychosocial
outcomes, efforts to elicit sustainable behavior change have
been less consistent [19]. This may, at least in part, be a result
of the traditional power structure of the all-knowing adult and
the all-learning child [20], where adults’ development of new
technology limits the personal opinions of youths when it comes
to deciding what technology should be used within a
school-based environment [20].
To develop a successful physical activity intervention, an
appropriate conceptual health promotion model should be
utilized to focus on the most salient characteristics of the target
group [21]. One such model, which is specifically relevant to
children’s physical activity, is the Youth Physical Activity
Promotion Model (YPAPM) [22]. This model provides a
comprehensive and structured assessment of the target
population’s own needs and barriers to participation in physical
activity, acknowledging children as the experts [23], and
allowing intervention design through the eyes of the child rather
than the researcher, teacher, or parent [9]. As argued by Druin
[20], children as design partners can play an impactful role in
the creation of new technologies that are not only going to be
effective and meaningful but also will excite children and aid
learning.
Research shows that 80% of youths are visual and tactile learners
[24]; therefore, relying simply on numbers and figures as a
source of knowledge is limited [25], and richer ways of data
representation are required [26]. Indeed, visualizations can play
a key role in motivating individuals to enhance their PAL,
enabling reflection on personal performance and current level
of physical activity [27]. A recent school-based intervention
using glanceable light-emitting diode (LED) technology to
display groups’ PAL reported that children wanted more
personalized forms of visual feedback [18], with others
suggesting that material rewards are cherished more than virtual
rewards [28] because of their higher visibility and uniqueness
[29,30]. Indeed, previous research utilizing paper and LED
lights to create PA awareness promoting artifacts found that
youth took incremental steps toward self-regulation through
goal setting and reflection [31]. It was concluded that although
the artifacts did not elicit improved physical activity in youth,
using tangible artifacts in conjunction with wearables could
benefit youths’ health [31]. However, it could be argued that
paper artifacts do not provide youth with an adequate haptic
and proprioceptive experience of personalized feedback to reap
health benefits [32]. With the recent rise of the maker movement
and cost-effective 3D printers [33], numerous opportunities in
health-related research have emerged, utilizing 3D printers to
create tangible visualizations of physical activity [34-36]. As
Jansen et al [37] advocate, there are many benefits of tangible
visualizations over on-screen visualizations of data, which
include (1) allowing for a more active perception, (2) leveraging
nonvisual senses such as touch, (3) integration with the physical
world, and (4) harnessing the interplay between vision and touch
to facilitate cognition. For example, Khot et al [38] transformed
adults’ heart rate data into 3D-printed artifacts, with participants
reporting that the artifacts acted as a reward and allowed
reflection and reminiscence on past physical activities [38].
Indeed, tangible interfaces have been reported to involve
children in playful learning [39], engagement, and reflection
[40]. Consistent with goal-setting theory [41], incentives are
important in maintaining interest in an activity, with
incentive-based interventions to nudge healthy behavior change
in youths demonstrating potential [42,43]. However, whether
personalized 3D-printed objects can be used to enhance youths’
understanding, awareness, and motivation relating to
engagement in physical activity remains to be elucidated.
Aims
Therefore, the aims of the present study were to (1) formatively
elicit children’s, adolescents’, teachers’, and parents’ perceptions
of physical activity data when represented as 3D-printed objects;
(2) ascertain how youths visualize their personal 3D objects of
physical activity using Play-Doh; (3) obtain parents’ and
teachers’ views on the perceived benefits and barriers of
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3D-printed objects of physical activity for youths; and (4) use
these data to subsequently inform the design of 3D models and
a school-based physical activity intervention.
Methods
Recruitment
In total, 20 primary and secondary schools from the Swansea
region of South Wales were contacted and invited to take part.
The schools were stratified into high and low socioeconomic
status (SES) according to the percentage of students per school
eligible to receive free school meals [44]. From those schools
that expressed an interest (35%, 7/20) response rate), 4 schools,
1 high- and 1 low-SES primary and secondary schools, were
selected based on order of availability to take part in the study.
Overall, 27 primary school children (aged 8.4 [SD 0.3] years;
15 boys) and 42 secondary school adolescents (aged 14.4 [SD
0.3]; 22 boys), 8 teachers (2 male), and 7 parents (2 male)
provided written informed parental or carer consent and child
assent, as appropriate, to participate in the study. All procedures
were approved by the Swansea University A-STEM Ethics
Committee and were conducted in accordance with the
Declaration of Helsinki (reference number: PG/2014/40).
Procedures
All semistructured focus group discussions and interviews were
conducted by the first author (SGMC) in a nondirective and
unbiased way [45], with 6 groups of children, 8 groups of
adolescents, and a total of 13 individual interviews with teachers
and parents. Sample questions for the focus groups and
one-to-one interviews are presented in Table 1. On 2 separate
occasions, 2 parents and 2 teachers were interviewed together
because of restricted availability [46]. Focus group discussions
with youths involved 4 to 6 participants to allow for lively, yet
manageable, interactions [45,47,48], with the exception of 1
primary school focus group where a child with special
educational needs required a smaller group of 3 children with
1 support teacher. Both single- and mixed-sex focus groups
were conducted [49]. All focus group sessions were completed
within the school environment, either within a familiar
classroom or in the school library, to provide comfort and reduce
anxiety [50]. Participants were seated in a circular arrangement
around a table to create a relaxed and informal atmosphere [45],
maximizing social interaction and observer involvement [51].
Moreover, this seating arrangement allows the facilitator to sit
among the participants to establish a nonauthoritarian approach
to questioning. To ensure each of the group members was
comfortable with talking aloud and to create an environment in
which sharing and listening were valued, an icebreaker question
was used [52]. The semistructured focus group questions were
informed by enabling, reinforcing, and predisposing factors
from the YPAPM [22] to explore physical activity engagement
and identify any barriers toward 3D-printed objects in an
age-appropriate manner. All predetermined questions were
reviewed and discussed by SGMC, MAM, PE, and KAM, and
additional feedback was provided independently by 2 Health
and Care Professions Council–registered practitioner
psychologists (JH and ZK).
Alongside focus group discussions and one-to-one interviews,
children, adolescents, and adults were all shown a custom-made
video on the concept of 3D printing physical activity. Following
this, participants were shown 3 different prototype 3D-printed
models displaying example accelerometry-derived physical
activity data, and discussions focused on how participants
thought the physical activity data were represented by these
models. Finally, children and adolescents were asked to
independently design their own personalized model of physical
activity using Play-Doh. The Play-Doh modeling process builds
on the principles of the write, draw, show and tell method [9]
by replacing the write and draw components of the framework
with the modeling of Play-Doh. Following the Play-Doh
modeling task, the facilitator asked each child to articulate and
explain the characteristics of their design in a verbal statement
at their own pace. All Play-Doh models were photographed for
further analyses.
Focus group discussions lasted between 60 and 90 min and 50
and 60 min for primary and secondary school groups,
respectively, and adult interviews lasted approximately 25 to
45 min. All the focus groups and one-to-one interviews were
digitally voice-recorded (Olympus DM-520 Digital Voice
Recorder; Shinjuku, Japan) and video-recorded (Sony Handycam
HDR-PJ540, Minato, Japan).
Data Analysis
All focus group discussions and one-to-one interviews were
transcribed verbatim, resulting in 774 pages (327, 297, and 150
pages for children, adolescents, and adults, respectively) of raw
data. Researchers SGMC, MAM, and KAM read each transcript
to familiarize themselves with the data. Transcripts were
thematically analyzed by SGMC using data coding and
identification of themes [53]. Transcripts were first deductively
analyzed using aspects of the YPAPM as a thematic framework
[22].
Table 1. Example focus group and interview questions.
ExampleTopicInterview
What would you think if I said we could 3D print your own personal model, which shows how
physically active you are?
MotivationChildren and adolescents
What sort of model would you like to develop or represent your own physical activity as in the
video, how would it look?
Model designChildren and adolescents
How do you think the 3D models of physical activity could motivate children to be more physi-
cally active?
MotivationAdults
Are there any models that you think would be good to help children to visualize physical activity?Model designAdults
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Additional emergent themes were then further explored using
an inductive process. Both deductive and inductive processes
used a manual cut-and-paste technique to identify key themes.
Participants’ verbatim quotations were chosen by SGMC and
discussed in collaboration with MAM and KAM. A frequency
count for the meaningful quotes was conducted to record how
many participants responded within emergent themes. The
themes, meaningful quotations, and frequency counts were then
displayed diagrammatically using a pen profile approach. Pen
profiling has been used within studies exploring perceptions
and experiences of physical activity in youths [47,54] and is
considered to be an accessible technique for researchers who
have both quantitative and qualitative backgrounds [55].
Through the process of reverse triangulation, authors critically
questioned and cross-examined the data in reverse from the pen
profiles to the transcripts. This process was repeated, allowing
authors to offer alternative interpretations of the data, until a
consensus was reached to finalize the pen profile designs. In
some cases, visual illustrations were presented to add more
context to the data collected. Triangulation of the data tests the
robustness of the findings and ensures methodological rigor
using a trustworthiness criterion [56]. The criterion places trust
in the researcher responsible for data collection to determine
key findings that are worthy of attention. These were then
assessed by PE, JH, and ZK who were not as directly involved
in the analysis process [57]. In addition, the primary and
secondary school participants’ Play-Doh model photos aligned
with the relevant verbal statements were analyzed by SGMC,
MM, JH, PE, and KAM as a group to identify common trends
and designs. Specifically, all Play-Doh model photos, with their
respective verbal statements, were displayed on a large white
board and appraised by the research team. Throughout this
process, the Play-Doh models were grouped based on similar
structural (eg, sun or bar chart design) and verbal (eg, the more
physical activity you do, the larger the model) characteristics.
The most common Play-Doh model designs created by children
(abstract, 12/28; graphical, 15/28) and adolescents (graphical,
28/42) were subsequently considered for further interpretation
and 3D model design.
Results
Perceptions and Designs of 3D Physical Activity Models
In total, 3 separate pen profiles were constructed to represent
children’s (Figure 1), adolescents’ (Figure 2), and combined
parents’ and teachers’ (Figure 3) perceptions of 3D models.
There were consistent themes identified between parents and
teachers, and therefore, their data were combined for final
analysis.
Children’s Perceptions and Designs of 3D Physical
Activity Models
As shown in Figure 1, key emergent themes were structured
around “Temporal Representation of Physical Activity,”
“Motivation,” “Interpretation,” and “Physical Activity
Guidelines.” The higher order theme “Interpretation” was linked
to further subthemes “Physical Activity Representation” and
“Design.” Primary school children demonstrated the ability to
interpret and apply the different component lengths and sizes
of the prototype 3D models in relation to physical activity
parameters. Specifically, 92% (25/28) of children were able to
accurately understand how the changing length of the model
represented increasing levels of physical activity. However,
only 26% (7/28) of children were able to understand the
alternative method of increasing the size of the model to
represent greater levels of physical activity. The physical activity
data displayed on the models were correctly identified by 59%
(16/28) of the children as representing either hours or days of
physical activity. The majority of children (81%, 22/28)
preferred the 3D models to represent a week of their physical
activity data, compared with a day (3/28, 11%), year (2/28, 7%),
or month (1/28, 4%):
Because you do...you probably do more exercise in
a week than a day. [G16]
From the Play-Doh modeling task, 2 subthemes emerged, one
being abstract and the other graphical. Children revealed no
preference for abstract (12/28, 44%) or graphical (15/28, 56%)
model representations of physical activity. Children’s abstract
models were characterized by the model changing shape or size,
such as a volcano with more lava erupting for higher levels of
physical activity (Figure 4). Graphical representations, such as
the flower (Figure 5), distinguished between different hours,
days, or weeks of physical activity completed (ie, the flower’s
petals resembling the different days of physical activity).
A total of 21 children (78%, 21/28) commented that the 3D
models had potential to motivate themselves to engage in more
physical activity, substantially outweighing the negatives
expressed by 1 child. Specifically, children revealed that the
3D models would add competition between classmates and
motivate them to do more. For example:
Because you might see how people have done much
more [physical activity] than you and then you...you
would think I want to be like that person and then
you’d do more. [G16]
Overall, 16 children (59%) displayed limited knowledge of the
current UK government physical activity guidelines or how to
achieve them, with only 3 children able to express the amount
through the context of time spent being physically active, with
no reference to intensity level. For example:
...probably something like an hour, two hours a day...
[PL9]
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Figure 1. Children’s pen profile. B: boy; G: girl; PA: physical activity; n: frequency counts.
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Figure 2. Adolescents’ pen profile. B: boy; G: girl; PA: physical activity; n: frequency counts.
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Figure 3. Adults’ pen profile. T: teacher; P: parent; M: male; F: female; PA: physical activity; n: frequency counts.
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Figure 4. Child's abstract volcano model design.
Figure 5. Child's graphical flower model design.
Adolescents’ Perceptions and Designs of 3D Physical
Activity Models
Overall, 4 higher order themes were identified structured around
“Temporal representation,” “Motivation,” “Interpretation,” and
“Physical activity guidelines” (Figure 2). The higher order theme
Interpretation was further linked to subthemes Physical activity
representation and design. Adolescents demonstrated the ability
to identify and compare the different components of the
prototype 3D models and their changing length and size in
relation to physical activity. Specifically, the increasing size
(16/42, 38%) and length (28/42, 67%) of the models were
correctly interpreted as representing higher PAL. The majority
(34/42, 81%) of adolescents showed a clear understanding of
the represented data on the models. For example:
The lines [on the models] are the days of the week.
[B30]
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...so does that mean he’s most active Tuesday,
Wednesday, Thursday sort of thing. [G3]
Adolescents highlighted a preference for a week (25/42, 60%)
of physical activity data to be displayed on the 3D models
because of the greater variety and reflection of their PAL in a
week when compared with a model based on a day (5/42, 12%),
month (4/42, 10%), or year (1/42, 2%). The Play-Doh modeling
task displayed similar subthemes to those found in children,
with a larger proportion of designs displaying graphical (28/42,
67%) compared with abstract (11/42, 26%) designs. Abstract
models, such as the butterfly (Figure 6), were characterized by
the changing size or detail of the models. Graphical
representations resembled typical bar charts or line graphs
(Figure 7) to display different days, weeks, or months of physical
activity.
A total of 35 adolescents (83%, 35/42) expressed that the 3D
models would motivate them to engage in more physical activity
by beating previous models. For example:
Oh yeah you can try and beat it [the model] the week
after or the session after. [G18]
Overall, 8 adolescents (19%, 8/42) thought that the 3D models
may discourage engagement in physical activity because of
feelings of doing worse than others and embarrassment if the
model showed low PAL:
If you don’t do like a lot of exercise in compared to
like people that you know...like family or friends then
you might feel worse... [G11]
...if other people like saw the object or something it
might be a bit embarrassed if you haven’t done
enough exercise. [G21]
In total, 28 adolescents (67%, 28/42) showed some knowledge
of the government guidelines for physical activity. A specific
Sport Wales initiative called 5x60 [58] may have influenced
these findings:
...they [Sport Wales officers] try and get everyone to
do five sessions of sixty minutes a week of exercise.
[G3]
...yeah what’s it called...five sixty...five hours of
sixty...no five lots of sixty minutes per week... [G18]
Figure 6. Adolescent's abstract butterfly model design.
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Figure 7. Adolescent's graphical bar chart model design.
Adults’ Perceptions and Designs of 3D Physical
Activity Models
The key adult emergent themes were “Design,” “Temporal
Representation of PA,” “Engagement,” and “Motivation,” with
a few distinct subthemes (Figure 3). The higher order theme
Engagement was linked to additional subthemes Sex differences,
Teacher involvement, and Intervention. Adults described
characteristics similar to those used to construct both abstract
(7/15, 47%) and graphical (8/15, 53%) model representations.
Adults placed emphasis on making the 3D models attractive
and recognizable but also something that challenges children’s
and adolescents’ numeracy skills to work within the school
curriculum:
Bar charts and graphs, that’s a big part of numeracy,
so if you could maybe like make a physical
graph...and it would go up in bars every day [TF8]
Moreover, 1 parent added that a link between the 3D model and
a recommended goal for physical activity could help encourage
youths to achieve greater PAL:
...you know...maybe there’s strips [on the model] and
each one, I don’t know if you reach the sort of
recommended goal you get like another strip or
something [on the model]. [PF5]
Similar to youths, adults preferred a week (12/15, 80%) of
physical activity data represented on the model, as this was
thought to have greater potential to visually guide youths,
creating more awareness of their physical activity behaviors
than a day (3/15, 20%) or month (1/15, 7%). Furthermore, some
adults emphasized that changing the color (3/15, 20%) of lines
on the models could visually aid participants in distinguishing
the different days. The majority (13/15, 87%) of adults believed
that if youths received and compared new models over time,
this would act as a strong motivation for increased engagement
in physical activity:
They [youths] could see at the end of five or six
weeks...they could place their models and compare
them thenthen you’re definitely motivating them
[youths]. [TM4]
Furthermore, some teachers (4/8, 50%) reported that receiving
their own 3D models would act as an additional competition
and potential motivation for the pupils. However, some adults
(7/15, 47%) expressed that the 3D models may ostracize youths
from others if they underachieved in physical activity.
they [the models] might ostracize them...you know
where they might go...no that’s too painful because,
they’re going to get a better [model]. [PF5]
Adults perceived both positives (14/15, 93%) and negatives
(14/15, 93%) for participants’ engagement with the concept of
3D printing physical activity. Positives included that the use of
new technology (ie, 3D printers) would create awareness of
current technological advances, with negative responses
highlighting concerns about potential disruptions to teaching
during lesson time. Moreover, some adults (8/15, 53%) believed
that there would be no differences in how boys and girls engaged
with the models, although 5 adults (33%, 5/15) highlighted that
the girls may be more reflective and the boys more competitive:
I think the boys are more upfront and “what did you
get and what did you get, let me see yours [the
model]”, whereas I think a few of the girls would do
that but the rest I think would do it more reflective
when they’re on their own. [TF5]
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The aims of the research were first, to formatively elicit
children’s, adolescents’, teachers’, and parents’ perceptions of
physical activity data when represented as 3D-printed objects
and their personal designs and to examine the perceived benefits
and barriers to intervention participation. This research extends
from that of previous studies that have implemented formative
research techniques to inform the development of school-based
interventions [47,59]. The second aim of the study was to use
the formative data to inform the design of 3D models of physical
activity to enhance youths’ understanding, awareness, and PAL.
The data indicated that youths can conceptualize physical
activity data represented as a 3D object. This ability to detect
and mentally represent a relationship between a symbol (ie, 3D
object) and its referent (ie, physical activity) is known as
representational insight [60]. However, the visual nature of the
models does not always guarantee representational insight and
its relation to the intended use [60]. For example, adolescents
in this study showed greater ability to analyze and critique the
physical activity behaviors represented on the prototype models.
Adolescents could highlight, in some detail, differences in low
and high PAL and how this related to their own and others’
personal habits. These differences between adolescents and
children could be explained by a greater age-related cognitive
ability in adolescents [61]. However, differences in cognitive
ability may be less influential, as evidence suggests that
visualizations help make complex information more accessible
and cognitively tractable [60]. More specifically, previous
research supports the use of tangible objects to stimulate youths’
intellectual development as they support a more natural way of
learning [32,39,40,62,63], aligning with youths being regarded
as visual and tactile learners [24]. For example, Gillet et al [32]
investigated the use of 3D-printed enzyme molecules for
teaching biology in youth, reporting that the tangible models
provided a natural and intuitive mechanism for manipulation,
exploration, and a proprioceptive pathway for learning. Although
these findings hold promise, given that youths recognize the
relationship between the tangible visualization and its intended
referent, which is a necessary condition for developing a visual
learning tool, others argue that an isolated approach is not
sufficient [60,64-66]; it is important that youths understand the
meaning and importance of the concepts represented on the
visualizations to enable increased awareness of their personal
physical activity behaviors [60]. In this light, future research
should consider investigating 3D-printed physical activity
feedback conditions to include and exclude an additional
classroom educational component on PAL to fully understand
the benefits of the 3D model alone.
This study revealed that youths believed the 3D models would
act as a motivational tool to enhance their own PAL and that of
their peers. Indeed, previous research suggests that school-based
interventions that promote youths’ physical activity with the
presence of peers significantly increase their motivation for
physical activity [67] as well as their enjoyment [68,69],
intensity [70], and engagement in out-of-school physical activity
[71]. Furthermore, the majority of primary school children
expressed that the 3D models would introduce competition
between classmates, motivating them to engage in more physical
activity. It has been argued that competition between children
can be healthy if it provides feedback about performance and
improvements, where children can learn about themselves, and
the sole or primary objective is not about winning [72].
Conversely, adolescents placed more emphasis on how they
would be motivated by beating their own personal model from
the week before rather than comparing with others. These
differences between youths could be, in part, explained by the
adolescents’ greater understanding of the concept of effort in
the physical domain [73] and applied ability to think
independently, fostering enhanced self-evaluation skills that are
important for preparation into adulthood [74]. Parents and
teachers also agreed that the models would help motivate
children and adolescents, allowing them to compare the models
over time. Adults highlighted that boys may take a more
competitive approach than girls who may engage in more
reflective thoughts about the 3D models. Indeed, evidence
suggests that young males engage in more individualistic
competition than female counterparts [75]. Contrary to this,
Bjorkqvist [76] found that girls use subtler, more indirect
strategies for competition than boys from childhood to
adulthood. Adolescents also displayed concerns that they might
be perceived as inactive by their significant others, a consensus
that was supported by the adults. Similar concerns have been
raised when using digital fish avatars, the growth and emotional
state of which is dependent on the participant’s PAL, with
participants reporting being discouraged from using the app if
they saw that the fish avatar was unhappy [77]. Therefore,
monitoring how youths personally evaluate models displaying
low PAL, and their support and interactions with significant
others should be considered further. Beyond the scope of this
study, it is pertinent to note that further research is also required
to adapt these models to other populations and cultures, with
the current results suggesting that children with special
educational needs may misinterpret the models with negative
health consequences for PAL, such as increased engagement
with computer-based behaviors.
For the adults, the tangibility of being able to hold something
that participants have created was perceived as original and
personalized. Adults expressed that the tactile forms of
information would interest youths and encourage them to
purposely think about the importance of physical activity, as
previously identified by Mackintosh et al [18]. Furthermore,
they also believed that the 3D models could act as a material
reward or medal representing achieved physical activity:
[something children and adolescents] could put [the
models] up on their wall when they get them. [PM7]
Indeed, much research suggests that material rewards are
cherished more than virtual rewards [28], as a result of their
higher visibility and low replication possibility [29,30].
Incentive-based interventions to encourage youth to take part
in more physical activities have been shown to have promising
effects [43,78], although findings have been mixed regarding
sustained behavior change following removal of incentives [79].
Sport capitalizes on this incentive form of reward system with
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physical medals and trophies being presented to individuals.
However, although these rewards focus on the completion of
certain fitness or sports goals, they do not embody any personal
data or represent the active self [80]. Khot et al [80] do,
however, note that there is a learning value to be gained from
blending rewards and representations to create more
personalized and meaningful data. This concept is supported
by findings from Pokémon GO, where children and adolescents
can create and identify themselves with a visual avatar
surrounded by recognizable characters (eg, Pikachu) in a socially
networked system, which was associated with significant
increases in physical activity in both age groups [81].
The current utilization of Play-Doh enabled youths to creatively
explore, adapt, and develop their personal 3D model creations.
This relatively inexpensive form of design prototyping has been
used previously with malleable materials and is effective for
brainstorming new ideas and designs from which high-tech
prototypes emerge [20]. Our study’s findings revealed that
children and adolescents preferred different types of 3D model
design, leading to the development of 2 age-specific 3D models
of physical activity. For children, a preference for a combination
of both abstract (43%, 12/27) and graphical (54%, 15/27) models
was demonstrated, most commonly expressed as Play-Doh
models of flower- or sun-like shapes. However, to avoid any
potential sex bias resulting in boys dissociating with a
flower-shaped 3D model, the more neutral sun-shaped 3D model
design was chosen for further development. Interestingly, a
majority of adolescents (67%, 28/42) showed a preference
through Play-Doh models for a simple bar chart design.
However, with regard to the 2 different age-specific 3D models
identified, there is limited literature as to whether the mapping
of data should be abstract or graphical. Abstract data allow users
to be more curious and speculative, whereas graphical
representations provide more direct and comprehensive
representations of data. Davis et al [82] suggest that more
informative feedback provides greater opportunities to learn
and improve performance. Indeed, it has been shown that
tangible bar charts have benefits for information recall when
compared with digital visualizations [83]. Contrary to this, more
abstract methods of feedback may provide more positive
engagement and support [84]. Anderson et al [85] also suggest
that abstract visualizations increased motivation to achieve
higher PAL in adults. Subsequently, adults believed that both
methods of mapping a week of physical activity data were
equally important, adding that presenting daily physical activity
could potentially overwhelm the children and adolescents with
data. As Khot et al [80] pointed out, embedding too much data
can make the material model less readable, but on the other
hand, with too little data, the model loses its intended purpose.
Although physical activity recommendations for youths are set
to advise them on how to achieve an active lifestyle and create
awareness of the important health benefits, few children were
able to identify the UK-recommended amount of physical
activity. Children’s interpretations of how much physical activity
they should achieve were largely based on how much sport or
how many different sports they could complete per day (eg,
football, rugby, netball, and running), aligning with previous
research findings [86]. In comparison, the adolescent group
showed greater knowledge of the government guidelines, but
this may have been influenced by the ongoing Sport Wales
initiative 5x60 [58] implemented at the time of the study and
aimed at encouraging youths to engage in 60 min of MVPA
every day within school. However, it was evident that neither
children nor adolescents were able to associate their
understanding of the UK government recommendations with
the intensity levels of MVPA, which highlights the need to
promote youths’ knowledge of government recommendations,
as reported by Mackintosh et al [18]. As aforementioned,
tangible interfaces may offer a more playful learning experience
[39] and natural interaction than other learning interfaces
[87-89], suggesting that the tangibility of data may benefit
children’s and adolescents’ learning [62]. As 1 parent expressed,
creating a recommended goal for the youths on the model could
be beneficial. Therefore, using a goal-setting strategy [41] and
structurally developing the government recommendation into
a tangible goal on the model may not only help in developing
children’s and adolescents’ understanding of the government
recommendations of 60 min of MVPA but also motivate youths
to increase their PAL.
Limitations
One of the major strengths of this study is its originality;
however, this also highlights the paucity of other supporting
research for this age group and that further investigation is
warranted on this tangible form of data representation. Research
should focus on the relative effectiveness of different types of
3D-printed visualizations of physical activity for the promotion
of active learning in youths and as a means of strengthening the
articulation of such initiatives with public health guidelines (ie,
60 min of MVPA) to enhance understanding and increase the
motivation and engagement of youths in sustained physical
activity.
Conclusions
This formative study provides insight into the utilization of
tangible 3D-printed objects displaying physical activity as a
tool to benefit children and adolescents. The findings
demonstrate how youths actively and enthusiastically engaged
with the concept of 3D objects of physical activity and felt it
could not only enhance their understanding of, but motivate
them to increase, their PAL. From pupils’ Play-Doh model
outputs, 2 age-specific 3D models representing weekly physical
activity data were developed. The results of the formative
research support the design of school-based physical activity
interventions that utilize 3D printing of youths’ personal data




The authors thank all the teachers and parents for their help and the children who participated in the study.
J Med Internet Res 2019 | vol. 21 | iss. 1 | e12064 | p.12http://www.jmir.org/2019/1/e12064/
(page number not for citation purposes)










2. Sothern MS, Loftin M, Suskind RM, Udall JN, Blecker U. The health benefits of physical activity in children and adolescents:
implications for chronic disease prevention. Eur J Pediatr 1999 Apr;158(4):271-274. [Medline: 10206121]
3. Nieman P. Psychosocial aspects of physical activity. Paediatr Child Health 2002 May;7(5):309-312 [FREE Full text]
[Medline: 20046307]
4. Janssen I, Leblanc AG. Systematic review of the health benefits of physical activity and fitness in school-aged children and
youth. Int J Behav Nutr Phys Act 2010 May 11;7:40 [FREE Full text] [doi: 10.1186/1479-5868-7-40] [Medline: 20459784]
5. Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR. A systematic review of the psychological and social benefits of
participation in sport for children and adolescents: informing development of a conceptual model of health through sport.
Int J Behav Nutr Phys Act 2013 Aug 15;10:98 [FREE Full text] [doi: 10.1186/1479-5868-10-98] [Medline: 23945179]
6. Hills AP, Andersen LB, Byrne NM. Physical activity and obesity in children. Br J Sports Med 2011 Sep;45(11):866-870.
[doi: 10.1136/bjsports-2011-090199] [Medline: 21836171]
7. Proctor MH, Moore LL, Gao D, Cupples LA, Bradlee ML, Hood MY, et al. Television viewing and change in body fat
from preschool to early adolescence: the Framingham Children's Study. Int J Obes Relat Metab Disord 2003
Jul;27(7):827-833. [doi: 10.1038/sj.ijo.0802294] [Medline: 12821969]
8. Pardee PE, Norman GJ, Lustig RH, Preud'homme D, Schwimmer JB. Television viewing and hypertension in obese children.
Am J Prev Med 2007 Dec;33(6):439-443. [doi: 10.1016/j.amepre.2007.07.036] [Medline: 18022058]
9. Noonan R, Boddy LM, Fairclough SJ, Knowles ZR. Write, draw, show, and tell: a child-centred dual methodology to
explore perceptions of out-of-school physical activity. BMC Public Health 2016 Apr 14;16:326 [FREE Full text] [doi:
10.1186/s12889-016-3005-1] [Medline: 27080384]
10. Kremers SP, Dijkman MA, de Meij JS, Jurg ME, Brug J. Awareness and habit: important factors in physical activity in
children. Health Education 2008;108(6):475-488. [doi: 10.1108/09654280810910881]
11. Roth M, Stamatakis E. Linking young people's knowledge of public health guidelines to physical activity levels in England.
Pediatr Exerc Sci 2010 Aug;22(3):467-476. [Medline: 20814041]
12. Nemet D, Geva D, Meckel Y, Eliakim A. Health-related knowledge and preferences in low socio-economic kindergarteners.
Int J Behav Nutr Phys Act 2012 Jan 10;9:1 [FREE Full text] [doi: 10.1186/1479-5868-9-1] [Medline: 22233712]
13. Dobbins M, De Corby K, Robeson P, Husson H, Tirilis D. School-based physical activity programs for promoting physical
activity and fitness in children and adolescents aged 6-18. Cochrane Database Syst Rev 2009 Jan 21(1):CD007651. [doi:
10.1002/14651858.CD007651] [Medline: 19160341]
14. McDougall J, Ducan M. Children, video games and physical activity: an exploratory study. Int J Disabil Hum Dev
2008;7(1):89-94. [doi: 10.1515/IJDHD.2008.7.1.89]
15. Duncan M, Staples V. The impact of a school-based active video game play intervention on children's physical activity
during recess. Hum Mov 2010;11(1):95-99. [doi: 10.2478/v10038-009-0023-1]
16. Poole ES, Miller AD, Xu Y, Eiriksdottir E, Catrambone R, Mynatt ED. The place for ubiquitous computing in schools:
lessons learned from a school-based intervention for youth physical activity, in Proceedings of the 13th international
conference on Ubiquitous computing. In: Proceedings of the 13th international conference on Ubiquitous computing. 2011
Presented at: UbiComp '11; September 17 - 21, 2011; Beijing, China p. 395-404. [doi: 10.1145/2030112.2030165]
17. Lubans D, Smith JJ, Peralta LR, Plotnikoff RC, Okely AD, Salmon J, et al. A school-based intervention incorporating
smartphone technology to improve health-related fitness among adolescents: rationale and study protocol for the NEAT
and ATLAS 2.0 cluster randomised controlled trial and dissemination study. BMJ Open 2016 Dec 27;6(6):e010448 [FREE
Full text] [doi: 10.1136/bmjopen-2015-010448] [Medline: 27354070]
18. Mackintosh K, Niezen G, Eslambolchilar P. Mission possible: using ubiquitous social goal sharing technology to promote
physical activity in children. MoHE 2016;5(2):-. [doi: 10.15282/mohe.v5i2.115]
19. Lau PW, Lau EY, Wong DP, Ransdell L. A systematic review of information and communication technology-based
interventions for promoting physical activity behavior change in children and adolescents. J Med Internet Res 2011 Jul
13;13(3):e48 [FREE Full text] [doi: 10.2196/jmir.1533] [Medline: 21749967]
20. Druin A. The role of children in the design of new technology. Behav Inf Technol 2002;21(1):1-25. [doi:
10.1080/01449290110108659]
21. National Institute for Health and Care Excellence. National Institute for Health and Care Excellence. 2007. Behaviour
change: general approaches URL: https://www.nice.org.uk/Guidance/ph6 [WebCite Cache ID 73BaRocnq]
J Med Internet Res 2019 | vol. 21 | iss. 1 | e12064 | p.13http://www.jmir.org/2019/1/e12064/
(page number not for citation purposes)
Crossley et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
22. Welk GJ. The youth physical activity promotion model: a conceptual bridge between theory and practice. Quest
1999;51(1):5-23. [doi: 10.1080/00336297.1999.10484297]
23. Greene S, Hogan D. Exploring Children's Views through Focus Groups. In: Researching Children's Experience. London:
SAGE Publications Ltd; 2005.
24. Rita SD, Kenneth JD. Educational Leadership. 1979. Learning Styles/Teaching Styles: Should They... Can They... Be
Matched? URL: http://www.ascd.org/ASCD/pdf/journals/ed_lead/el_197901_dunn.pdf [accessed 2018-11-29] [WebCite
Cache ID 74Hkllyv3]
25. Lupton D. The quantified self. Cambridge: United Kingdom : Polity; 2016:68-183.
26. Hassenzahl M, Laschke M, Praest J. On the stories activity trackers tell. 2016 Presented at: UbiComp '16 Proceedings of
the 2016 ACM International Joint Conference on Pervasive and Ubiquitous Computing: Adjunct; September 12 - 16, 2016;
Heidelberg, Germany p. 582-587. [doi: 10.1145/2968219.2968325]
27. Li I, Anind KD, Forlizzi J. Understanding my data, myself: supporting self-reflection with ubicomp technologies. 2011
Presented at: UbiComp '11 Proceedings of the 13th international conference on Ubiquitous computing; September 17 - 21,
2011; Beijing, China p. 405-414. [doi: 10.1145/2030112.2030166]
28. Munson SA, Consolvo S. Exploring goal-setting, rewards, self-monitoring, and sharing to motivate physical activity. 2012
Presented at: 6th International Conference on Pervasive Computing Technologies for Healthcare (PervasiveHealth) and
Workshops; 21-24 May 2012; San Diego, CA, USA. [doi: 10.4108/icst.pervasivehealth.2012.248691]
29. Kirk D, Sellen A. On human remains: values and practice in the home archiving of cherished objects. ACM Trans
Comput-Hum Interact 2010;17(3):1-43. [doi: 10.1145/1806923.1806924]
30. Golsteijn C, Hoven EV, Frohlich D, Sellen A. Towards a More Cherishable Digital Object. 2012 Presented at: Proceedings
of the Designing Interactive Systems Conference; 11-15 June, 2012; Newcastle upon Tyne, United Kingdom p. 655-664.
[doi: 10.1145/2317956.2318054]
31. Ananthanarayan S, Siek K, Eisenberg M. A Craft Approach to Health Awareness in Children. 2016 Presented at: Proceedings
of the 2016 ACM Conference on Designing Interactive Systems; June 04 - 08, 2016; Brisbane, QLD, Australia p. 724-735.
[doi: 10.1145/2901790.2901888]
32. Gillet A, Sanner M, Stoffler D, Olson A. Tangible interfaces for structural molecular biology. Structure 2005
Mar;13(3):483-491 [FREE Full text] [doi: 10.1016/j.str.2005.01.009] [Medline: 15766549]
33. Mueller S, Mohr T, Guenther K, Frohnhofen J, Baudisch P. FaBrickation: fast 3D printing of functional objects by integrating
construction kit building blocks. 2014 May Presented at: Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems. 2014. ACM; 2014; Toronto, Canada. [doi: 10.1145/2556288.2557005]
34. Khot RA, Mueller FF, Hjorth L. SweatAtoms: materializing physical activity. 2013 Presented at: Proceedings of The 9th
Australasian Conference on Interactive Entertainment: Matters of Life and Death; September 30 - October 01, 2013;
Melbourne, Australia. [doi: 10.1145/2513002.2513012]
35. Khot RA, Pennings R, Mueller FF. EdiPulse: Turning Physical Activity Into Chocolates. 2015 Presented at: Proceedings
of the 33rd Annual ACM Conference Extended Abstracts on Human Factors in Computing Systems; April 18 - 23, 2015;
Seoul, Republic of Korea. [doi: 10.1145/2702613.2725436]
36. Stusak S, Tabard A, Sauka F, Khot RA, Butz A. Activity sculptures: exploring the impact of physical visualizations on
running activity. IEEE Trans Vis Comput Graph 2014;20(12):2201-2210. [doi: 10.1109/TVCG.2014.2352953]
37. Jansen Y, Dragicevic P, Fekete JD. Evaluating the efficiency of physical visualizations. 2013 May 02 Presented at:
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems; May 02, 2013; Paris, France. [doi:
10.1145/2470654.2481359]
38. Khot RA. Exploring material representations of physical activity. 2014 Presented at: Proceedings of the 2014 companion
publication on Designing interactive systems; June 21 - 25, 2014; Vancouver, BC, Canada p. 177-180. [doi:
10.1145/2598784.2598792]
39. Price S, Rogers Y, Scaife M, Stanton D, Neale H. Using ‘tangibles’ to promote novel forms of playful learning. Interact
Comput 2003;15(2):169-185. [doi: 10.1016/S0953-5438(03)00006-7]
40. Rogers Y, Scaife M, Gabrielli S, Smith H, Harris E. A conceptual framework for mixed reality environments: designing
novel learning activities for young children. Presence: Teleoperators Virtual Environ 2002;11(6):677-686. [doi:
10.1162/105474602321050776]
41. Locke E, Shaw KN, Saarj LM, Latham GP. Goal setting and task performance: 1969-1980. Psychological bulletin
1980;90(1):125-152. [doi: 10.1037/0033-2909.90.1.125]
42. Christian D, Todd C, Hill R, Rance J, Mackintosh K, Stratton G, et al. Active children through incentive vouchers ? evaluation
(ACTIVE): a mixed-method feasibility study. BMC Public Health 2016;16(1):890. [doi: 10.1186/s12889-016-3381-6]
43. Finkelstein E, Tan YT, Malhotra R, Lee CF, Goh SS, Saw SM. A cluster randomized Controlled trial of an incentive-based
outdoor physical activity program. J Pediatr 2013 Jul;163(1):167-172. [doi: 10.1016/j.jpeds.2013.01.009] [Medline:
23415616]
44. Hobbs G, Vignoles A. Is children’s free school meal ‘eligibility’ a good proxy for family income? Br Educ Res J
2010;36(4):673-690. [doi: 10.1080/01411920903083111]
J Med Internet Res 2019 | vol. 21 | iss. 1 | e12064 | p.14http://www.jmir.org/2019/1/e12064/
(page number not for citation purposes)
Crossley et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
45. Gibson F. Conducting focus groups with children and young people: strategies for success. J Res Nurs 2007;12(5):473-483.
[doi: 10.1177/1744987107079791]
46. Liamputtong P. Researching the vulnerable: A guide to sensitive research methods. New York: Sage Publications; 2006.
47. Mackintosh K, Knowles ZR, Ridgers ND, Fairclough SJ. Using formative research to develop CHANGE!: a curriculum-based
physical activity promoting intervention. BMC Public Health 2011;11:831. [doi: 10.1186/1471-2458-11-831]
48. Morgan M, Gibbs S, Maxwell K, Britten N. Hearing children's voices: methodological issues in conducting focus groups
with children aged 7-11 years. Qual Res 2002;2(1):5-20. [doi: 10.1177/1468794102002001636]
49. Hill M, Laybourn A, Borland M. Engaging with primary-aged children about their emotions and well-being: methodological
considerations. Child Soc 1996;10(2):129-144. [doi: 10.1111/j.1099-0860.1996.tb00463.x]
50. Kennedy C, Kools S, Krueger R. Methodological considerations in children's focus groups. Nurs Res 2001;50(3):184-187.
[Medline: 11393641]
51. Dilorio C, Hockenberry-Eaton M, Maibach E, Rivero T. Focus groups: an interview method for nursing research. J Neurosci
Nurs 1994;26(3):175-180. [Medline: 7963824]
52. Gibson J. Interviews and Focus Groups With Children: Methods That Match Children's Developing Competencies. J Fam
Theory Rev 2012 May 31;4(2):148-159. [doi: 10.1111/j.1756-2589.2012.00119.x]
53. Clarke V, Braun V. Teaching thematic analysis: overcoming challenges and developing strategies for effective learning.
The psychologist 2013;26(2):120-123.
54. Knowles ZR, Parnell D, Stratton G, Ridgers ND. Learning from the experts: exploring playground experience and activities
using a write and draw technique. J Phys Act Health 2013 Mar;10(3):406-415. [Medline: 22820462]
55. Krane V, Andersen MB, Strean WB. Issues of Qualitative Research Methods and Presentation. J Sport Exerc Psychol
1997;19(2):213-218. [doi: 10.1123/jsep.19.2.213]
56. Ridgers ND, Knowles ZR, Sayers J. Encouraging play in the natural environment: a child-focused case study of Forest
School. Children's Geographies 2012;10(1):49-65. [doi: 10.1080/14733285.2011.638176]
57. Hardy L, Jones JG, Gould D. Understanding Psychological Preparation for Sport: Theory and Practice of Elite Performers.
Chichester: Wiley; 1996:364.
58. Sport Wales. Sport Wales. 5x60 URL: http://sport.wales/community-sport/education/5x60.aspx [accessed 2017-04-25]
[WebCite Cache ID 73Bbuf9Fy]
59. Boddy LM, Knowles ZR, Davies IG, Warburton GL, Mackintosh KA, Houghton L, et al. Using formative research to
develop the healthy eating component of the CHANGE! school-based curriculum intervention. BMC Public Health 2012
Aug 29;12:710 [FREE Full text] [doi: 10.1186/1471-2458-12-710] [Medline: 22931457]
60. Uttal D, O'Doherty K. Comprehending and learning from ‘visualizations’: a developmental perspective. In: Visualization:
Theory and Practice in Science Education. Netherlands: Springer; 2008:53-72.
61. Piaget J, Margaret C. The origins of intelligence in children. In: International Universities Press New York. New York,
NY: W W Norton & Co; 1952:424.
62. Marshall P. Do tangible interfaces enhance learning? 2007 Presented at: Proceedings of the 1st international conference on
Tangible and embedded interaction; February 15 - 17, 2007; Baton Rouge, Louisiana p. 163-170. [doi:
10.1145/1226969.1227004]
63. Bara F, Gentaz E, Cole P, Sprenger-Charolles L. The visuo-haptic and haptic exploration of letters increases the
kindergarten-children's of understanding of the alphabetic principle. Cogn Dev 2004;19(3):433-449. [doi:
10.1016/j.cogdev.2004.05.003]
64. Husmann PR, O'Loughlin VD. Another nail in the coffin for learning styles? Disparities among undergraduate anatomy
students' study strategies, class performance, and reported VARK learning styles. Anat Sci Educ 2018 Mar 13:- Epub ahead
of print(forthcoming). [doi: 10.1002/ase.1777] [Medline: 29533532]
65. Papanagnou D, Serrano A, Barkley K, Chandra S, Governatori N, Piela N, et al. Does tailoring instructional style to a
medical student's self-perceived learning style improve performance when teaching intravenous catheter placement? A
randomized controlled study. BMC Med Educ 2016 Aug 12;16(1):205 [FREE Full text] [doi: 10.1186/s12909-016-0720-3]
[Medline: 27520578]
66. Riener C, Willingham D. The myth of learning styles. Change: The magazine of higher learning 2010;42(5):32-35.
67. Salvy S, Roemmich JN, Bowker JC, Romero ND, Stadler PJ, Epstein LH. Effect of peers and friends on youth physical
activity and motivation to be physically active. J Pediatr Psychol 2009 Mar;34(2):217-225 [FREE Full text] [doi:
10.1093/jpepsy/jsn071] [Medline: 18617572]
68. Jago R, Page AS, Cooper AR. Friends and physical activity during the transition from primary to secondary school. Med
Sci Sports Exerc 2012 Jan;44(1):111-117. [doi: 10.1249/MSS.0b013e318229df6e] [Medline: 21697746]
69. Salvy S, de la Haye K, Bowker JC, Hermans RC. Influence of peers and friends on children's and adolescents' eating and
activity behaviors. Physiol Behav 2012 Jun 06;106(3):369-378 [FREE Full text] [doi: 10.1016/j.physbeh.2012.03.022]
[Medline: 22480733]
70. Barkley JE, Salvy SJ, Sanders GJ, Dey S, Von Carlowitz KP, Williamson ML. Peer influence and physical activity behavior
in young children: an experimental study. J Phys Act Health 2014;11(2):404-409.
J Med Internet Res 2019 | vol. 21 | iss. 1 | e12064 | p.15http://www.jmir.org/2019/1/e12064/
(page number not for citation purposes)
Crossley et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
71. Pearce M, Page AS, Griffin TP, Cooper AR. Who children spend time with after school: associations with objectively
recorded indoor and outdoor physical activity. Int J Behav Nutr Phys Act 2014 Mar 30;11(1):45 [FREE Full text] [doi:
10.1186/1479-5868-11-45] [Medline: 24679149]
72. INEOS AG. 2013. Is competition good for kids? URL: https://www.ineos.com/inch-magazine/articles/issue-5/debate/
[accessed 2018-11-29] [WebCite Cache ID 74HoqQdN8]
73. Fry MD, Duda JL. A developmental examination of children's understanding of effort and ability in the physical and
academic domains. Res Q Exerc Sport 1997 Dec;68(4):331-344. [doi: 10.1080/02701367.1997.10608014] [Medline:
9421845]
74. Jacobs JE, Klaczynski PA. The development of judgment and decision making during childhood and adolescence. Curr
Dir Psychol Sci 2002;11(4):145-149. [doi: 10.1111/1467-8721.00188]
75. Benenson JF, Antonellis TJ, Cotton BJ, Noddin KE, Campbell KA. Sex differences in children's formation of exclusionary
alliances under scarce resource conditions. Animal Behav 2008;76(2):497-505. [doi: 10.1016/j.anbehav.2008.01.027]
76. Björkqvist K. Sex differences in physical, verbal, and indirect aggression: a review of recent research. Sex Roles
1994;30(3):177-188. [doi: 10.1007/BF01420988]
77. Lin JJ, Mamykina L, Lindtner S, Delajoux G, Strub HB. Fish'n'Steps: encouraging physical activity with an interactive
computer game. In: UbiComp 2006: Ubiquitous Computing. Berlin: Springer; 2006:261-278.
78. Hardman CA, Horne PJ, Fergus Lowe C. Effects of rewards, peer-modelling and pedometer targets on children's physical
activity: a school-based intervention study. Psychol Health 2011;26(1):3-21. [doi: 10.1080/08870440903318119]
79. Strohacker K, Galarraga O, Williams DM. The impact of incentives on exercise behavior: a systematic review of randomized
controlled trials. Ann Behav Med 2014;48(1):92-99. [doi: 10.1007/s12160-013-9577-4]
80. Khot RA. Exertion Games Lab. Melbourne, VIC 3000 Australia: RMIT University; 2016. Understanding Material
Representations of Physical Activity URL: http://exertiongameslab.org/wp-content/uploads/2016/12/rohit_ashok_khot_phd.
pdf [accessed 2018-11-29] [WebCite Cache ID 74HpBH9cx]
81. Althoff T, White RW, Horvitz E. Influence of Pokémon Go on physical activity: study and implications. J Med Internet
Res 2016 Dec 06;18(12):e315 [FREE Full text] [doi: 10.2196/jmir.6759] [Medline: 27923778]
82. Davis WD. The interactive effects of goal orientation and feedback specificity on task performance. Hum Perform
2005;18(4):409-426. [doi: 10.1207/s15327043hup1804_7]
83. Stusak S, Schwarz J, Butz A. Evaluating the Memorability of Physical Visualizations. 2015 Presented at: Proceedings of
the 33rd Annual ACM Conference on Human Factors in Computing Systems; April 18 - 23, 2015; Seoul, Republic of Korea
p. 3247-3250. [doi: 10.1145/2702123.2702248]
84. Consolvo S, Klasnja P, McDonald DW, Avrahami D, Froehlich J, LeGrand L, et al. Flowers or a robot army?: encouraging
awareness & activity with personal, mobile displays. 2008 Presented at: Proceedings of the 10th international conference
on Ubiquitous computing; September 21 - 24, 2008; Seoul, Korea p. 54-63. [doi: 10.1145/1409635.1409644]
85. Anderson I, Maitland J, Sherwood S, Barkhuus L, Chalmers M, Brown M, et al. Shakra: tracking and sharing daily activity
levels with unaugmented mobile phones. Mobile Netw Appl 2007;12(2):185-199. [doi: 10.1007/s11036-007-0011-7]
86. Trost SG, Morgan AM, Saunders R, Felton G, Ward DS, Pate RR. Children’s understanding of the concept of physical
activity. Pediatr Exerc Sci 2000;12(3):293-299. [doi: 10.1123/pes.12.3.293]
87. Dourish P. Where the action is: the foundations of embodied interaction. Cambridge, MA: MIT press; 2004:233.
88. Jacob RJ, Ishii H, Pangaro G, Patten J. A tangible interface for organizing information using a grid. 2002 Presented at:
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems; April 20 - 25, 2002; Minneapolis,
Minnesota, USA p. 339-346. [doi: 10.1145/503376.503437]
89. Klahr D, Triona LM, Williams C. Hands on what? The relative effectiveness of physical versus virtual materials in an
engineering design project by middle school children. J Res Sci Teach 2007;44(1):183-203. [doi: 10.1002/tea.20152]
Abbreviations
LED: light-emitting diode
PAL: physical activity levels
MVPA: moderate-to-vigorous physical activity
SES: socioeconomic status
YPAPM: Youth Physical Activity Promotion Model
J Med Internet Res 2019 | vol. 21 | iss. 1 | e12064 | p.16http://www.jmir.org/2019/1/e12064/
(page number not for citation purposes)
Crossley et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
Edited by G Eysenbach; submitted 29.08.18; peer-reviewed by R Wilbur, L Becker; comments to author 03.10.18; revised version
received 16.10.18; accepted 17.10.18; published 26.01.19
Please cite as:
Crossley SGM, McNarry MA, Hudson J, Eslambolchilar P, Knowles Z, Mackintosh KA
Perceptions of Visualizing Physical Activity as a 3D-Printed Object: Formative Study




©Sam Graeme Morgan Crossley, Melitta Anne McNarry, Joanne Hudson, Parisa Eslambolchilar, Zoe Knowles, Kelly Alexandra
Mackintosh. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 26.01.2019. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.
J Med Internet Res 2019 | vol. 21 | iss. 1 | e12064 | p.17http://www.jmir.org/2019/1/e12064/
(page number not for citation purposes)
Crossley et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
